The paper's objective is to explain factors underlying Africa's weak infrastructure endowment and to identify suitable infrastructure goals for the region based on benchmarking against international peers. The authors use a dataset covering the stocks of key infrastructureincluding information and communication technology (ICT), power, roads, and water-across 155 developing countries over the period 1960 to 2005. The paper also examines subregional differences within Africa. They make use of regression techniques to control for a comprehensive set of economic, demographic, geographic, and historic conditioning factors, as well as adjusting for potential endogeneities.
Making Sense of Africa's Infrastructure Endowment: A Benchmarking Approach Tito Yepes, Justin Pierce, and Vivien Foster he international community has recently committed itself to scaling up development assistance to Africa, in part to address the continent's major infrastructure deficit. But given its income and other constraints, what level of infrastructure should Africa aim for? A related issue is how well African institutions currently perform in sustaining and expanding infrastructure stocks based on the resources that they have at their disposal. Both questions are amenable to analysis through cross-country benchmarking of infrastructure stocks.
The objective of this paper is to shed light on Africa's current infrastructure endowment and clarify its future infrastructure goals. We pursue that objective by benchmarking the region's stock of key infrastructure-including information and communication technology (ICT), power, roads, and water-against a dataset comprising 155 countries over the period 1960 to 2005. The paper also sheds light on subregional differences, by comparing infrastructure stocks between southern, central, eastern, and western Africa. In addition to pinpointing the factors that have contributed to low infrastructure development on the continent, the benchmarking models serve to identify suitable infrastructure targets that take into account the environmental difficulties that countries face.
The paper is divided into three main sections. Section 1 lays down the methodological framework used in the paper and relates it to the academic literature. Section 2 undertakes a cross-sectional analysis that identifies the extent to which differences in infrastructure stocks across countries can be explained in terms of differences in the geographical, demographic, and economic environment that they face. Section 3 presents a panel data analysis that incorporates the evolution of infrastructure stocks over time and thus clarifies the role of historical factors in determining today's infrastructure endowments.
Methodological framework
Benchmarking is a technique widely used in the management and regulatory fields to compare the performance of firms against relevant peer groups. The benchmarking technique employed in this paper was first proposed by Shleifer (1985) , as a means of regulating so-called "natural monopolies." Shleifer argued that regulators should select socially optimal prices for markets served by natural monopolies based on cost data from "similar" firms. Our approach also resembles that used by Battese and Coelli (1993) to determine levels of "technical inefficiency" among firms in a particular industry. Battese and Coelli estimated industry-level production functions based on firm-level data and defined the distance between a firm's actual and predicted levels of production as its "technical inefficiency." More recently, the World Bank's annual Doing Business report has illustrated the application of benchmarking techniques at the country level. By creating a global database of investment climate indicators and conducting crosscountry comparisons, Doing Business has prompted a global debate about how to reduce red tape and motivated policy makers to improve their competitiveness. A similar approach has been applied to the infrastructure sectors in recent World Bank work at the country level (World Bank, 2004 , 2005a , 2005b . Research in this area has benefited greatly from the availability of an international panel of data on infrastructure stocks provided in Estache and Goicoechea (2005) .
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Here we perform a country-level benchmarking exercise for infrastructure stocks in SubSaharan Africa, comparing them with a global peer group of developing countries. The paper extends and deepens the work of Bogetic (2006) for the countries of the Southern African Development Community (SADC), in particular by using regression techniques to control for a wide range of differences in the operating environment faced by particular countries. In this way, the benchmark against which each country is compared is individually adjusted to control for a comprehensive set of economic, demographic, geographic, and historic conditioning factors.
The analysis is based on a panel dataset of all developing countries for the years 1960 to 2004. Developing countries are defined to be those in the low-income, lower-middle-income, and upper-middle-income categories as defined by the World Bank. Data availability varies over the period according to the specific infrastructure variable under consideration. Thus, road data are available from 1960, ICT data from 1970, and electricity generation capacity data from 1980. In the case of water and sanitation, only two time periods are available (1990 and 2002) , while for access to electricity no consistent time series could be found. The data are drawn from a variety of global sources, including the World Bank's World Development Indicators, the International Telecommunications Union, and the World Economic Forum's Global Competitiveness Report, among others.
Our study contributes to the international benchmarking literature in three ways. In terms of scope, it is the first study to benchmark the entire region of Sub-Saharan Africa, with an emphasis on comparing regions of the developing world as well as the diverse subregions of Africa. It is also the first study to base its predicted infrastructure levels on a panel dataset and to control for potential endogeneity of regressors.
The benchmarking exercise compares each country's actual infrastructure endowments to an expected, or predicted, value based on its socioeconomic structure. The predicted values are derived from an econometric model that explains variation in infrastructure levels among developing countries based on a set of economic, demographic, and structural variables. This exercise produces a measure of infrastructure endowment that controls for differences in all of the socioeconomic variables included in the model. Thus, for example, it would be incorrect to explain a lower-than-predicted infrastructure endowment for a particular country in terms of the country's low income, because the model includes income as an independent variable. Hence the result already controls for differences in income. Note that here the concept of an expected, or predicted, infrastructure level does not refer to any concept of demand, since actual levels of infrastructure may also be driven by supply factors. Moreover, the expected value should not be treated as an ideal; it simply expresses the average endowment of countries with comparable characteristics.
Each country's infrastructure endowment is measured by the deviation between its actual endowment and the endowment predicted by the model (equation 1). A positive deviation indicates that the country outperforms the benchmark provided by the econometric model (i.e., the average for the relevant peer group) and vice versa. The larger the absolute size of the deviation, the greater the extent of the corresponding over-or underachievement.
(1)
Separate econometric models are estimated for nine different infrastructure variables-ICT (fixed and mobile telephone lines, Internet connections), power (generating capacity and access to electricity), roads (total and paved), water, and sanitation. All variables are normalized to facilitate comparisons across countries. Roads are measured in terms of their density across the country's surface area. However, to allow for the fact that some countries include large areas of uninhabitable wilderness, the total land area and total arable area are used as alternative means of normalization. Generation capacity is normalized per million inhabitants; ICT variables are normalized per thousand inhabitants. Electricity, water, and sanitation are expressed as percentage household access rates. Access to water and sanitation correspond to the definitions of improved water and sanitation specified in the Millennium Development Goals (United Nations 2007).
Our data reflect only the quantity of infrastructure; they say nothing of the quality and hence economic value of those stocks. For example, two countries may have the same paved road density, but one network may be well maintained and the other nearly impassable. Unfortunately, there is no global dataset available that documents the quality of infrastructure stocks, although some research does indicate a close correspondence between quality and quantity of infrastructure (Calderon and Serven 2004) . [ The first step is to estimate a simple, cross-sectional, ordinary least squares (OLS) model, based on the most recent year of data available for each of the nine forms of infrastructure . This is done following the specification given in equation (2), where y is an infrastructure stock, X is a vector of independent variables (including economic, demographic, and environmental variables as discussed below), and  is an error term.
(2)
Our approach extends the work of Canning (1998) to include a much wider set of explanatory variables. In his seminal paper, Canning found that a significant portion of cross-country variation in infrastructure endowments could be explained by economic and demographic variables, such as per capita income, population density, urbanization rate, and growth of urban population. To Canning's set of regressors we add several demographic, public sector, and structural variables. Ethnic fractionalization is also included as a regressor, since competition between ethnic groups may affect infrastructure building programs. Similarly, a governance term based on Transparency International's Corruption Perceptions Index accounts for the impact of wasteful or corrupt government management of infrastructure projects. A per capita measure of foreign aid designated for infrastructure controls for significant variations in aid activity between countries. Lastly, structural variables such as the share of manufacturing, agriculture, and exports in GDP are incorporated, since the structure of the economy may affect demand for specific infrastructure services. Our choice of explanatory variables draws upon an extensive exploratory data analysis presented in the next section of the paper.
Several important limitations of this approach call for the use of panel data models. The simple OLS cross-section is of some interest in that it replicates the results of earlier literature (Canning 1998 ) and serves to isolate the effect of specific environmental variables that can be identified as relevant from the exploratory data analysis. Nevertheless, it is subject to important methodological limitations. First, the environmental variables only imperfectly control for the myriad differences that arise in different country situations, which can be fully reflected only by means of country-specific factors. Second, the long lag times in the development of infrastructure stocks mean that historic trends play an important role in explaining a country's current infrastructure endowment. Third, the potential reverse causality from per capita income to infrastructure stocks raises the possibility of endogeneity. All of these issues can be addressed using panel data models that analyze a repeated cross-section for the same countries across a number of years.
Our second step is therefore to estimate an OLS panel model that controls for country differences (fixed effects) that affect the ease or difficulty of providing infrastructure services. This is represented by equation (3), where y it is defined as the infrastructure level for country i at time t, X it is a matrix of socioeconomic and structural explanatory variables, and η i is a timeinvariant country-specific fixed effect.
Because the OLS fixed-effects model does not correct for the potential endogeneity of the explanatory variables, our third step is to control for potential endogeneity of relevant regressors using instrumental variables. It seems likely that per capita gross domestic product (GDP) will be endogenous in the specification given in (3). In fact, there is already a large literature based on the concept that causation lies in the opposite direction-that is, that expansion of infrastructure services increases income and income growth. This direction of causality has been examined extensively in Easterly and Serven (2003) and Calderon and Serven (2003, 2004) . We draw on this literature to choose appropriate instruments for per capita GDP. Specifically, we employ some of the standard growth regressors from Calderon and Serven (2004) , including trade openness (trade as share of GDP), inflation, political risk index, government involvement in economy (government consumption as share of GDP), domestic credit available to the private sector (as share of GDP), and the terms of trade index. Adding these regressors gives us the following equation:
X it contains the same set of regressors included in the cross-sectional OLS study. Per capita GDP is instrumented using the standard growth variables described above. Lastly, it is important to note that any time-invariant variables from the OLS regressions are dropped once country fixed effects are included, which accounts for the smaller sets of coefficients reported for panel data models later in the paper. 1 The regressors used in (4) were also considered in a dynamic panel specification, using the technique developed by Blundell and Bond (1998) . These results are reported in Annex A.1 for comparison purposes,
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The impact of environmental factors on infrastructure endowments
Here we examine cross-country variations in today's infrastructure stocks in the context of the very different operating environments that countries face. We begin with a simple benchmarking of infrastructure stocks by regions, subregions, income groups, and other subcategories. We then use a cross-sectional OLS model to isolate the impact of individual factors on infrastructure stocks in a multivariate framework. All averages presented are simple unweighted averages across countries, as opposed to population-weighted averages for the different country groupings. As a result, regional summary statistics may appear to differ from commonly reported regional averages, which typically are based on a population weighting of countries.
Variations across regions
Africa lags behind all other regions of the developing world in its infrastructure endowment, except in ICT (table 2.1). This finding holds across a wide range of indicators including the density of roads and paved roads, per capita capacity to generate electricity, and household access to electricity, water, and sanitation. By far the largest gaps arise in the power sector, with generating capacity and household access to electricity in Africa at around half the levels observed in South Asia, and about a third of the levels observed in East Asia. The conclusion on paved road density differs depending on whether one is considering total land area (in which case Africa comes in last) or only arable area (in which case Africa comes in ahead of South Asia and East Asia). In ICT, Africa significantly outperforms South Asia in density of mobile telephones and Internet connections and comes close in terms of fixed-line density.
but they should be treated with caution because the slow adjustment process for infrastructure stocks may overstate the significance of the lagged dependent variable. Africa's deficit remains even when the countries of the region are compared with others in the same income bracket (table 2.2). It is often assumed that Africa's infrastructure deficit is largely a reflection of its relatively low income levels. But the comparison with other developing countries in the same income bracket shows that income does not tell the whole story. Africa's low-income countries (LICs) lag substantially behind those in other regions, while the same is true for lower-middle-income countries (LMCs) and upper-middle-income countries (UMC). The divergence is particularly striking for power and paved roads. Electrical generating capacity and access to electricity in Africa are less than a third of the levels found in other UMCs around the world. Comparing infrastructure endowments across these subregions reveals that the SADC countries have a substantial advantage over the others. That advantage is most pronounced in the case of paved roads, ICT, and power, where SADC is ahead of the other regions by several multiples. Generating capacity (per capita) in SADC, for example, is more than five times that reported in other parts of Africa, although, strikingly, household access to electricity is relatively similar. At the other end of the spectrum, EAC has the lowest infrastructure endowment on most measures. Western and central Africa are similar in their results. The least divergence in stocks across subregions is seen in water and sanitation, with all regions reporting water access in the 60-70 percent range and sanitation access in the 30-45 percent range. East Asia is the closest comparator for the SADC countries; South Asia for the other African subregions. Figure 2 .1 brings together the regional and subregional analysis by plotting infrastructure stocks against income for all of the regions and subregions we have considered so far. In income terms, the SADC countries are most comparable to East Asia and the Pacific. Nevertheless, the SADC countries have less infrastructure than the countries of East Asia and the Pacific by all measures, particularly access to sanitation and electricity. The only exception is paved road density, where SADC has some edge over EAP. By contrast, all other African subregions are, in income terms, similar to each other and to South Asia. On the whole, their endowments do not diverge substantially from that of the whole of Sub-Saharan Africa, although the Central African countries lag behind in terms of water and sanitation. Income Per-Capita
Source: As for table 2.1.
Variations across types of countries
Relative to other developing regions, Sub-Saharan Africa faces a difficult environment for the development of infrastructure, and the region's infrastructure shortfall may be traceable to those environmental disadvantages (table 2.4). Building infrastructure tends to be more difficult in countries characterized by low population density and low levels of urbanization, weak governance, high incidence of conflict, and geographical isolation-all of which distinguish Africa from other developing regions. Africa has the lowest population density, the lowest governance index, and the second-lowest urbanization rate of all developing regions. The incidence of conflict in Africa is similar to that in other regions in percentage terms, but the absolute number of countries in conflict is higher in Africa than in any other region. To explore the potential impact of environmental variables, we compare the infrastructure endowment of countries within the region according to the difficulty of their environment. As expected, countries facing a more challenging environment perform systematically worse on infrastructure (table 2.5). The differences in endowment are largest for landlocked countries, countries in conflict, and countries with low population density. Countries with low urbanization perform worse on service coverage, but better on road density. Countries with poor governance also perform worse than their comparators, but the differences are less pronounced. Overall, paved road density is the infrastructure variable that shows the largest variation across types of countries, while water and sanitation show the least variation.
Striking differences also emerge when countries are grouped according to their oil-exporting status and language (table 2.6). Oil-exporting countries score systematically and substantially worse than oil-importing countries, suggesting that oil revenues are not being channeled into infrastructure investments. With respect to language groupings, francophone countries have the lowest infrastructure stocks overall. Once again, the largest differences are to be found in the area of paved road density, and the smallest in water and sanitation. While the preceding analysis is suggestive, it does not take into account the high correlations that exist among these different variables, and with income. Indeed, correlation coefficients between these different indicators of "difficulty" range in absolute value between 0.3 and 0.6. In order to isolate the effect of individual factors we must perform a multivariate regression analysis that looks at all of the effects simultaneously.
As described in equation (1) above, we perform simple OLS cross-sectional analysis for each category of infrastructure. Many control variables are considered-among them income per capita; demographic measures (population density, urbanization, urban growth rates, and ethnic fractionalization); measures of the quantity and quality of public spending on infrastructure (proxied by governance and infrastructure aid per capita); measures capturing the geographical and cultural heritage of the country (including language group, location, and natural resources); and indicators of the structure of the economy (such as the share of exports, agriculture, and manufacturing in GDP). In addition, an Africa dummy is used to see if any specific disadvantages are associated with the continent as a whole. The OLS regression analysis reveals that levels of infrastructure stocks are primarily related to per capita income and demographic variables, and less so to other variables (table 2.7). Income is statistically significant in almost all cases, except for household access to water and electricity. Demographic variables also seem to be important. Higher levels of urbanization are associated with significantly higher rates of household access to water, sanitation, electricity. By contrast, higher rates of urban growth significantly hold back rates of access to services, suggesting difficulties in keeping up with the rate of urban expansion. Moreover, countries with higher population density seem to have significantly less road area, although this difference disappears when arable land is used to measure road density.
None of the other geographical, cultural, or structural variables prove to be statistically significant in explaining infrastructure stocks. This suggests that in the earlier analysis, the seeming effect of geographical and cultural variables was likely being confounded with the effect of income and demographic variables with which they are associated. Finally, it is noteworthy that the coefficients for infrastructure aid per capita and governance are rarely significant and do not always have the expected signs.
An alternative log-log specification of the model, designed to test the sensitivity of the estimates, yields similar results, while revealing relatively low income elasticities and somewhat higher urbanization elasticities (table 2.8). The main differences from the first OLS model are these: In the log-log model, income is no longer significant for road density, and some of the structural variables (exports, agriculture, manufacturing) become more significant. Overall, the fit of the model is also somewhat improved. The log-log specification also allows the coefficients on continuous variables to be interpreted as elasticities. The results suggest that the income elasticity of infrastructure stocks is generally well below unity, with the highest values (around 0.5 to 0.7) found for ICT and generating capacity and the lowest (around 0.1 to 0.2) for access to water, sanitation, and electricity, and for roads. The elasticity of urbanization is somewhat higher, particularly for access to electricity and ICT services.
In summary, Africa presents a major infrastructure deficit relative to other developing regions that appears to reflect low urbanization as much as low income. The region lags behind all others in the developing world in almost all areas of infrastructure. The strongest endowments are found in the ICT sector, where Africa is somewhat ahead of South Asia. By far the lowest endowment is in the power sector. Rates of access to electricity in the middle-income countries of Africa, for example, are a fraction of those found in middle-income countries in other regions.
The regional average masks significant geographic variations in infrastructure endowments from country to country. The SADC countries are substantially ahead of the others, while the EAC countries are significantly behind.
Africa's deficit remains even when countries are compared with others in the same income bracket. The reason appears to be that-compared with other regions of the world-Africa is a difficult environment in which to develop infrastructure. The proof is that infrastructure is weakest in those countries that face the most challenging environment. However, some environmental factors are more important than others. When all environmental variables are considered simultaneously, demographic variables (notably urbanization) appear to have the most substantial effect on infrastructure endowments. Note: * = significant at 5%; ** = significant at 10%. T-statistics are reported below coefficients. Parentheses denote that Tstatistics have been reported in absolute value. Note: * = significant at 5%; ** = significant at 10%. T-statistics are reported below coefficients. Parentheses denote that Tstatistics have been reported in absolute value.
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The impact of historical trends on infrastructure endowments
Variations over time
Africa's present-day infrastructure is strongly influenced by the endowment that the countries inherited at independence. Because infrastructure is costly to build, stocks usually change slowly over time. Hence, differences across developing regions will reflect differences in their history. The current dataset contains time series data going back as far as 1960 for roads, 1970 for fixed telephone lines, 1980 for generating capacity, and 1990 for water and sanitation. No consistent time series data are available for access to electricity. The data points from the 1960s and 1970s are of particular interest for Africa, since they describe the situation at around the time of independence.
Overall, the data show some evidence of worldwide convergence in infrastructure levels (table 3.1). They also reveal the divergent starting points and differing rates of infrastructure growth in world regions. Convergence requires, of course, that regions with a low starting point grow faster than regions with a high starting point. We computed correlation coefficients between starting levels and growth rates. These coefficients are uniformly negative and always smaller than -0.28, suggesting that convergence is underway. The strongest evidence of convergence is found for water and sanitation (with correlation coefficients between -0.6 and -0.7) and roads (with correlation coefficients between -0.45 and -0.55). The lowest is for generating capacity (with a correlation coefficient of -0.28).
Bucking the trend toward worldwide convergence, the infrastructure gap between Africa and other developing regions is larger today than it was some decades ago. Slow convergence has occurred for some forms of infrastructure. At the beginning of the data series for paved roads and access to water and sanitation, Africa had the lowest endowment of any developing region. The region managed to achieve relatively high growth rates in each category, but they were not great enough to compensate for the region's starting position. On the other hand, at the outset of the data series, Africa was doing significantly better than other developing regions with regard to overall road density, generation capacity, and fixed-line telephones. But growth rates in these categories have been slower than in other regions, so that by 2000 Africa had lost substantial ground relative to the other regions.
Africa's failure to converge with the rest of the developing world is most clearly illustrated by the comparison between Africa and South Asia. At the outset of the period under study, South Asia was ahead of Africa in all forms of infrastructure except for fixed-line telephones and electrical generating capacity (figure 3.1). Their positions have since been reversed. The record on generating capacity is particularly stark. In 1980, Africa had almost three times as much generating capacity (per million people) as South Asia. Since then, capacity in South Asia has expanded at an average annual rate of 9 percent, while in Africa it has stagnated. Consequently, by 1990 South Asia had overtaken Africa; by 2000 it had almost twice the generating capacity (per million people) of Africa. Indeed, Africa had the slowest rate of growth in generating capacity of any region in the developing world. The story for telephone lines is similar, if less dramatic. In 1970, Africa had twice the teledensity of South Asia. However, with faster average annual growth rates in South Asia (9 percent against 6 percent in Africa), the two regions had converged by 2000. Africa has now fallen behind South Asia with respect to fixed-line telephones, but in mobile telephony and Internet connections Africa has been growing more rapidly than South Asia and currently maintains a lead.
Indexing infrastructure stocks in each region and plotting the evolution of the indexes over time sheds light on the sequencing and relative growth path of different aspects of infrastructure. In all regions, fixed-line telephones have been by far the fastest-growing component of infrastructure since the 1980s (albeit from low starting points), but the growth varies substantially across regions from around tenfold in Africa, Latin America, and the Middle East, to more than forty-fold in East Asia (figure 3.2). After telephone lines, paved roads generally have expanded most quickly, particularly in East Asia and Eastern Europe. Generating capacity (per million people) has grown only very slowly across all regions, except in South Asia in the late 1980s, when a significant expansion took place.
Within Africa, the SADC countries started with a larger infrastructure endowment than the other subregions and extended it more rapidly (table 3.2). At independence there already were substantial variations in infrastructure endowment across the continent-particularly with respect to paved roads, generating capacity, and telephone lines. By 1980, the SADC countries had more than three times the generating capacity of other subregions. By 1970, they had five times the teledensity. In the case of roads, ECOWAS was in a much stronger position than the other subregions in the 1960s, but was overtaken by SADC after 1980. In water and sanitation, the differences between subregions have been relatively small. 16,000 1 9 9 3 1 9 9 4 1 9 9 5 1 9 9 6 1 9 9 7 1 9 9 8 1 9 9 9 2 0 0 0 1960 1965 1970 1975 1980 1985 1990 1995 2000 Paved Road 1960 1965 1970 1975 1980 1985 1990 1995 2000 Paved Road
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Panel data models
The preceding exploratory data analysis illustrated the importance of historical perspective in understanding countries' present-day infrastructure position. We use panel data models to integrate that perspective into our formal analysis. As described in the first section of this paper, two different panel model specifications are estimated: an OLS fixed effects model and an instrumental variables specification. Unfortunately, it is not possible to apply either of the panel data models to access to electricity, for which only a single cross-section is available. (However, we do apply a cross-sectional instrumental variables specification to the electricity access data so as to compare them to the OLS estimates. That comparison is reported in table 3.4.)
The fixed effects model confirms the importance of income, demography, and economic structure in driving stocks of household services and broader economic infrastructure (table 3.3).
The income and demographic variables that proved statistically significant in the cross-sectional OLS results were also statistically significant in the fixed effects panel results. To a greater extent than before, however, variables capturing the economic structure of the economy (export orientation, and shares of agriculture and manufacturing compared with services) become statistically significant in explaining infrastructure stocks, particularly in the case of roads and ICT. It is important to remember, however, that these results do not yet account for dynamics in infrastructure provision, nor have they been corrected for endogeneity. The results from the instrumental variables estimation indicate endogeneity bias in the OLS specification. If-as suggested by Calderón and Servén (2004) and others that expansion of infrastructure is associated with higher levels of income and growth, then we would expect the OLS coefficient on per capita GDP to be upwardly biased. Indeed, the results of our instrumental variables estimation show that the magnitude of the coefficient on per capita GDP decreased substantially once we controlled for endogeneity using the standard regressors from the growth literature, as discussed above. The traditional Hausman test of the exogeneity of our instruments indicates that they are appropriate in most infrastructure sectors. The exception is in the estimates for access to water and sanitation, where the limited number of observations (from just two years of data) may have affected the results. But it is clear that addressing the endogeneity of per capita GDP is critical to obtaining consistent coefficient estimates. When we model our data using the instrumental variables estimation, per capita GDP, urbanization, population density, and certain structural variables continue to explain the most country-to-country variance in infrastructure stocks (table 3.4), although the magnitude of their coefficients changes from the basic fixed effects specification. For the most part, per capita GDP remains highly significant in explaining national variations in infrastructure, although the magnitude of the coefficients decreased from the simpler model. Urbanization becomes slightly less important, with significance in only four sectors, compared to eight under the first fixed effects specification. Population density, too, loses significance in several sectors. The significance of structural variables varies by sector, but export share of GDP is highly significant with respect to generating capacity and ICT.
Table 3.4 Fixed effects with instrumental variables (data in logs)

Benchmarking
The main objective of the regression models is to predict expected levels of infrastructure stocks for the purposes of benchmarking. As described in the first section of the paper, benchmarking is done by comparing the infrastructure stock in each country with the value predicted by the regression model and calculating the deviation. The value predicted by the model takes into account the effect of each country's history and environment in determining the level of infrastructure stocks the country might be expected to have. A negative deviation indicates that the country has performed below the benchmark, while a positive one indicates the opposite. The deviations are averaged across countries to produce unweighted average deviations at the regional and subregional level. For the purposes of sensitivity analysis, deviations are calculated for each of the two model specifications described above. Following Bogetic (2006) , a deviation of less than 10% in absolute value is considered not to constitute a major divergence from the benchmark. Hence, attention focuses on larger deviations of more than plus or minus 10% that are taken to be indicative of a substantial degree of over or underachievement. Relative to the levels predicted by the instrumental variables model, Africa performs well in total road density (paved and unpaved). In the remaining sectors, it performs significantly below the levels predicted based on the region's economic, demographic, and structural characteristics. In fact, it is the worst-performing world region (that is, the region with the largest negative deviation as shown in table 3.6) in access to electricity, electrical generating capacity, and density of fixed-line telephones. Africa also exhibits large negative deviations in paved road density, sanitation access, mobile telephone density, and Internet density.
Once historic and environmental factors are taken into account and steps are taken to control for the endogeneity of per capita GDP, the relative standing of Africa's subregions is not as clear cut as it first appeared. The initial comparison of infrastructure stock indicators by subregions (see table 1.3) revealed a very clear ranking: SADC was the top performer on all dimensions and EAC the worst performer on nearly all dimensions, with Central Africa and ECOWAS somewhere in between. The picture is more nuanced once the regions are compared in terms of the magnitude of their deviation from benchmarks.
Except in road density (paved and unpaved densities and arable paved density), every African subregion underperformed relative to its expected value in every infrastructure sector. This underachievement is most severe in Central Africa, which exhibits the largest average negative deviation in Africa in water access, sanitation access, electricity generation capacity, and Internet density. While SADC-like the other African subregions-performs worse than predicted by the model in nearly every sector, its deviation from expectations is less great than that of other subregions, with the exception of electricity access and mobile telephone density, where it ranks last. ECOWAS and ECA generally fall somewhere between SADC and Central Africa, although ECOWAS exhibits the largest negative deviation in density of fixed-line telephones and ECA ranks last in paved road density.
History has a large influence. Deficiencies present at the beginning of our time series have become more pronounced over time. The historical data show that at the outset of the series, Africa was behind all other regions with respect to paved road density, water, and sanitation, but was doing significantly better than other regions in terms of road density, generating capacity, and telephone lines. Over time, Africa has lost ground, so that today it is the lowest-performing region in all areas except ICT. The most dramatic loss of ground has come in electrical generating capacity, which has largely stagnated since 1980. Comparing subregions within Africa reveals that most SADC countries started with a larger infrastructure endowment and have extended it more rapidly than other subregions on the continent.
Given the importance of historical trends, panel models provide the appropriate analytical framework for a benchmarking exercise. The OLS fixed effects specification underscores the importance of income and demographic variables in driving infrastructure endowments. The importance of these variables is confirmed by the instrumental variables model, which controls for potential endogeneity of per capita GDP. When Africa's actual infrastructure levels are compared to those predicted by the instrumental variables model, it is clear that Africa underperforms relative to its benchmark in nearly every sector. In fact, Africa tends to have the largest magnitude of underachievement relative to other regions in many sectors, with the most severe underachievement found in Central Africa.
Conclusions
We have tried to shed light on the status of infrastructure in Sub-Saharan Africa by benchmarking the region against other developing countries and against the level of development predicted by our models based on the region's income, demography, and economic structure. Our analysis has shown that with but one exception Africa has the worst infrastructure endowment of any developing region today, particularly with respect to electrical generating capacity. (The exception is the modern ICT sector.) African countries even perform poorly compared with their peers in the same income group in other parts of the world. Part of the explanation seems to lie in difficult environmental factors that complicate the development of infrastructure services, in particular low rates of urbanization. The region's very low level of infrastructure at the time of independence a half centry ago is another explanation for today's results.
Today, the SADC countries are far ahead of the rest of Sub-Saharan Africa-their infrastructure situation is more similar to that of East Asia than to other African subregions. EAC has the weakest infrastructure situation today; its position, like that of Central Africa and ECOWAS, most closely resembles that of South Asia.
When controlling for income, demographic, and structural variables, Central Africa misses its benchmark level of predicted infrastructure achievement by the largest margin of any African subregion, while SADC comes closest, despite generally falling below the predicted values.
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About AICD
This study is part of the Africa Infrastructure Country Diagnostic (AICD), a project designed to expand the world's knowledge of physical infrastructure in Africa. AICD will provide a baseline against which future improvements in infrastructure services can be measured, making it possible to monitor the results achieved from donor support. It should also provide a more solid empirical foundation for prioritizing investments and designing policy reforms in the infrastructure sectors in Africa.
AICD will produce a series of reports (such as this one) that provide an overview of the status of public expenditure, investment needs, and sector performance in each of the main infrastructure sectors, including energy, information and communication technologies, irrigation, transport, and water and sanitation. The World Bank will publish a summary of AICD's findings in November 2009. The underlying data will be made available to the public through an interactive Web site allowing users to download customized data reports and perform simple simulation exercises.
The first phase of AICD focuses on 24 countries that together account for 85 percent of the gross domestic product, population, and infrastructure aid flows of Sub-Saharan Africa. The countries are: Benin, Burkina Faso, Cape Verde, Cameroon, Chad, Democratic Republic of Congo, Côte d'Ivoire, Ethiopia, Ghana, Kenya, Madagascar, Malawi, Mali, Mozambique, Namibia, Niger, Nigeria, Rwanda, Senegal, South Africa, Sudan, Tanzania, Uganda, and Zambia. Under a second phase of the project, coverage will be expanded to include additional countries.
AICD is being implemented by the World Bank on behalf of a steering committee that represents the African Union, the New Partnership for Africa's Development (NEPAD), Africa's regional economic communities, the African Development Bank, and major infrastructure donors. AICD grew from an idea presented at the inaugural meeting of the Infrastructure Consortium for Africa, held in London in October 2005.
Financing for AICD is provided by a multi-donor trust fund to which the main contributors are the Department for International Development (United Kingdom), the Public Private Infrastructure Advisory Facility, Agence Française de Développement, and the European Commission. A group of distinguished peer reviewers from policy making and academic circles in Africa and beyond reviews all of the major outputs of the study, with a view to assuring the technical quality of the work.
This and other papers analyzing key infrastructure topics, as well as the underlying data sources described above, will be available for download from www.infrastructureafrica.org. Freestanding summaries are available in English and French.
Inquiries concerning the availability of datasets should be directed to vfoster@worldbank.org.
